Introduction
============

Fabry disease (FD) is an X-linked inherited lysosomal disorder that is characterized by a deficiency in the α-galactosidase A enzyme, which results in the abnormal accumulation of glycosphingolipids, mainly globotriaosylceramide (GL-3) ([@B1]). The estimated prevalence of FD is 1 in 40,000-170,000 live births ([@B2]). However, recent newborn and high-risk group screening studies have suggested that the prevalence of non-classical FD is much higher than previously thought ([@B3], [@B4]).

The early symptoms of FD, which appear during childhood and adolescence, include angiokeratoma, anhydrosis, extremity pain, gastrointestinal symptoms, and proteinuria. Progressive renal failure, heart failure, and neurological dysfunction generally occur in adulthood. Notably, in patients with FD, a shortened life expectancy and morbidity are strongly associated with the degree of end-stage organ dysfunction.

Currently, two enzyme preparations, agalsidase alfa (Shire HGT, Boston, MA, USA) and agalsidase beta (Genzyme Corporation, Boston, MA, USA) are available for the treatment of FD. Hemizygous FD patients (men) usually develop renal insufficiency at roughly 40-50 years of age in the absence of enzyme replacement therapy (ERT). On the other hand, an initial clinical trial demonstrated that ERT could stabilize kidney function ([@B5]) and prevent the progression of cardiomyopathy ([@B6]). Furthermore, Pisani et al. showed that ERT was safe and effective, even for hemodialysis (HD) patients, and that it could improve the global quality of life and possibly ameliorate the progression of FD-related cardiomyopathy ([@B7]). Because of the increase in the life expectancy of FD patients due to ERT, it is likely that FD might accompany seemingly unrelated diseases. Accordingly, FD patients, who present with various clinical features and multi-organ dysfunction, tend to pose a diagnostic challenge for nephrologists, and this tendency is expected to increase in the future. We herein describe our recent encounter with a HD patient with FD who was receiving ERT and who suffered from amyloid light-chain (AL) amyloidosis due to multiple myeloma (MM). Although few reports have described these coexisting conditions, we present our case along with a review of the relevant literature.

Case Report
===========

The patient in the present case was a 50-year-old man who had received maintenance HD for 19 years. Although the patient had not undergone a genetic evaluation, a family history analysis revealed that his mother had suffered from burning pain in her extremities; in addition, some maternal siblings had died of unexplained causes during childhood ([Fig. 1](#g001){ref-type="fig"}). The patient had initially presented with anhidrosis and burning upper extremity pain in childhood, at which time a physical examination revealed angiokeratoma around the lower abdomen and cornea verticillata ([Fig. 2A](#g002){ref-type="fig"}). He was later diagnosed with FD via a muscle biopsy at 21 years of age. ERT (agalsidase beta, 60 mg/month), which was initiated when he was 40 years of age, slightly attenuated the anhidrosis and burning extremity pain. However, he developed difficulty in speaking due to macroglossia ([Fig. 2B](#g002){ref-type="fig"}), and reported epigastric discomfort and anorexia in June 2014. This patient received regular HD at our institution, which allowed us to monitor his condition between examinations. Unfortunately, treatment with metoclopramide failed to improve his symptoms, which gradually worsened during the few months before the next examination.

![The family pedigree relevant to the present case. The patient is indicated by a black square.](1349-7235-56-0841-g001){#g001}

![A: The slit-lamp appearance of the right cornea 31 years previously; cornea verticillata is visible. B: Left, macroglossia with indentations caused by teeth. Right, multiple ulcers in the pyloric zone (black arrows).](1349-7235-56-0841-g002){#g002}

We performed an upper gastrointestinal endoscopy, which revealed multiple ulcers in the pyloric zone ([Fig. 2B](#g002){ref-type="fig"}). Abdominal ultrasonography also detected gastric mucosal hypertrophy. Hematoxylin and Eosin staining identified amyloid deposits in the gastric mucosa and submucosa that contained amorphous, homogeneous, translucent, and acidophilic material. Direct fast scarlet staining revealed orange amyloid deposits. In addition, an immunohistochemical analysis revealed amyloid P, but not amyloid A, positivity, which was compatible with AL amyloidosis ([Fig. 3](#g003){ref-type="fig"}). No other clinical features, such as amyloidosis-related hepatomegaly, demyelinating polyneuropathy, orthostatic hypotension or carpal-tunnel syndrome, were observed.

![Representative images of the gastric mucosa in the patient. Magnification, ×200. The amorphous homogeneous and acidophilic extracellular substance deposits that were visible in an Hematoxylin and Eosin staining specimen (upper left) were found to contain accumulated amyloid protein (black arrows). A DFS (upper right) confirmed the accumulation of amyloid in these deposits. Amyloid A staining was negative (lower left), whereas a amyloid P staining was positive (lower right), which confirmed a final diagnosis of amyloid light-chain amyloidosis. DFS: direct fast scarlet stain](1349-7235-56-0841-g003){#g003}

A further analysis revealed that the peak serum GL-3 level, measured just before the monthly administration of agalsidase beta, was 6.0 μg/mL, which is within the optimal range. Similarly, the patient\'s serum β2-microglobulin concentration was 5.5 mg/L, which is comparable to the level of a normal HD patient. Neither progressive anemia nor hypercalcemia was observed. Radiography was performed but detected no osteolytic changes or compression fractures. However, we identified abnormalities in the patient\'s high free light-chain (FLC) level and total κ to λ ratio (κ/λ). The serum IgG, IgA, and IgM levels were suppressed at 476, 129, and 60 mg/dL, respectively. These features, together with the detection of M-protein \[Bence-Jones Protein (BJP) κ type\] via serum protein electrophoresis, led us to suspect MM. After bone marrow aspiration and biopsy revealed a 23% increase in plasma cells and abnormal binucleate plasma cells ([Fig. 4](#g004){ref-type="fig"}), we diagnosed the patient with AL amyloidosis due to MM.

![Bone marrow aspiration revealed numerous plasma cells, which can be recognized by the presence of eccentric nuclei and perinuclear halos. Abnormal binucleate plasma cells were observed (arrow; May-Grunwald Giemsa staining; magnification, ×600).](1349-7235-56-0841-g004){#g004}

Electrocardiography showed increased QRS complex voltages and giant negative T waves, which are typical features of FD-related cardiomyopathy ([Fig. 5A](#g005){ref-type="fig"}). A two-dimensional echocardiogram analysis revealed severe left ventricular hypertrophy (LVH) ([Fig. 5B](#g005){ref-type="fig"}) and the preservation of the systolic function \[ejection fraction (Teichholts MM): 70.8%\]. A Doppler evaluation revealed that the E/e\' ratio was increased to 21.2, and the patient\'s serum human atrial natriuretic peptide level was elevated to 88.7 pg/mL, suggesting the existence of severe diastolic dysfunction, possibly due to FD-related cardiomyopathy. However, the patient had not yet presented with severe congestive heart failure. In addition, no "sparkling or speckled appearance" was detected in the left ventricular wall; in other words, these examinations provided no evidence of cardiac amyloidosis.

![A: An electrocardiogram showed increased QRS complex voltages and a giant negative T wave in the precordial leads. B: A two-dimensional echocardiogram analysis revealed severe left ventricular hypertrophy, but no "sparkling or speckled appearance".](1349-7235-56-0841-g005){#g005}

Bortezomib and dexamethasone (BD) therapy was initiated. Bortezomib (1.3 mg/m^2^) was administered subcutaneously on days 1, 8, 15, and 22 of a 5-week cycle (once-weekly administration), and dexamethasone (20 mg) was administered orally on the day of bortezomib treatment and the following day. After the third course of BD therapy, the patient\'s FLC concentration and κ/λ ratio were decreased \[3,810.0 to 75.0 (mg/L), 94.78 to 1.16, respectively\], and serum M protein was not detected.

After the fourteenth course of BD therapy, his gastrointestinal manifestations gradually improved, leading to an increased dietary intake. His macroglossia was also attenuated, thus eliminating his speaking difficulty. However, the patient remains under close observation with regard to lower extremity palsy, which is considered to be a side effect of bortezomib.

Discussion
==========

FD, Gaucher disease, and Pompe disease are the most common lysosomal storage disorders. Among these conditions, Gaucher disease type Ι has a strong relationship with gammopathies such as MM and AL amyloidosis ([@B8]). Although the mechanism underlying this relationship has not been fully elucidated, ERT has been shown to ameliorate the increase in the serum concentrations of each immunoglobulin in patients with Gaucher disease ([@B9]). Indeed, Nair et al. demonstrated that in patients with Gaucher disease and a mouse model of Gaucher disease-associated gammopathy, clonal immunoglobulin reacts against lyso-glucosylceramide (LGL1); both levels were found to be markedly elevated in patients and mice. Furthermore, LGL1 reduction therapy ameliorated Gaucher disease-associated gammopathy in mice ([@B10]), suggesting that the accumulation of glycosphingolipid might be essential for the development of gammopathy. Although the type of glycosphingolipid accumulation that occurs in FD is different, the reaction of clonal immunoglobulin against GL-3 may also be associated with FD-related gammopathy. In fact, a synchronous presentation of FD and monoclonal gammopathy, in which ERT stabilized serum M-protein levels without myeloma therapy, was previously reported ([@B11]). These observations indicate that the monoclonal immunoglobulin in FD patients might be reactive against GL-3; thus, its reduction by ERT could prevent monoclonal gammopathy. However, it has been shown that ERT failed to slow disease progression among FD patients who were older than 40 years of age, suggesting that ERT could not completely remove GL-3, which had already accumulated in the organ tissues ([@B12]). The patient in the present case started ERT at 40 years of age, thus the delayed initiation of ERT might have caused the occurrence of MM in spite of longitudinal ERT.

The present case raised several valid concerns regarding the diagnoses of MM, AL amyloidosis and FD requiring HD. First, HD normalized the patient\'s laboratory findings, thus hindering the diagnosis of MM. Specifically, a diagnosis of symptomatic myeloma according to the International Multiple Myeloma Working Group criteria requires at least one of the following findings: an elevated calcium level (\>11.5 mg/dL), renal insufficiency (serum creatinine \>2.0 mg/dL), anemia (hemoglobin \<10 g/dL or 2 g/dL below normal), and bone disease ([@B13]). The biochemical parameters are generally normalized by HD and the administration of erythropoiesis-stimulating agents in subjects with HD. In comparison with these parameters, the measurement of FLC clearly provided us with an accurate diagnosis of MM in this patient. A growing body of evidence demonstrates that the serum FLC concentration and FLC κ/λ ratio are valuable components in diagnosing MM in the general population. Notably, neither HD nor hemodiafiltration has been shown to affect the serum FLC concentration or κ/λ ratio in patients with end-stage renal disease ([@B14]), indicating that these parameters are convenient, sensitive, and specific to MM, even in patients with HD.

Secondly, the similarity of the gastrointestinal manifestations of FD and AL amyloidosis might have contributed to diagnostic difficulty. Banikazemi et al. reported three FD patients with post-prandial abdominal pain, bloating and severe diarrhea. Agalsidase beta therapy markedly improved the gastrointestinal symptoms in all three patients after 6-7 months, and these significant improvements continued for more than 3 years of treatment ([@B15]). We should therefore consider the presence of newly identified concomitant diseases when gastrointestinal manifestations occur in FD patients, especially those who receive agalsidase beta therapy.

In conclusion, we presented the first case report describing the coexistence of FD and MM. Clinicians should therefore note that while the causal relationship between FD and MM has not been clarified, MM and consequent AL amyloidosis might be a cause of gastrointestinal manifestations in FD patients. This knowledge could permit the early diagnosis of such comorbidities and thereby prevent a poor prognosis in patients with FD.
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